Effects of pH and thiols on the kinetics of yeast glyoxalase I. An evaluation of the random pathway mechanism.
The disproportionation of alpha-ketoaldehydes, catalyzed by yeast glyoxalase I, has been reported to involve a random pathway mechanism where one branch utilizes the hemimercaptal of glutathione and the alpha-ketoaldehyde in a one-substrate pathway, and the other branch utilizes first glutathione and then the alpha-ketoaldehyde in an ordered two-substrate pathway. The relative importance of the two pathways has been evaluated at 5 degrees in the pH range 3-7, using methylglyoxal and phenylglyoxal as representative aliphatic and aromatic alpha-ketoaldehydes, by comparing initial rates of hemimercaptal formation in the absence of enzyme with initial rates of product formation in the presence of high enzyme concentrations. If the enzyme is not added last, the initial rates of product formation are the same as the initial rates of adduct formation even under conditions where it could be shown that dehydration of the hydrated alpha-ketoaldehyde is not entirely rate determining. If the enzyme is added after hemimercaptal formation, there is a "burst" of product formation equivalent to the amount of hemimercaptal, followed by a slower reaction, consistent with the one-substrate pathway. Additional support for this pathway was obtained from a study of the effects of added thiol reagents on the "burst" kinetics. The broad specificity of yeast glyoxalase I for both aliphatic and aromatic alpha-ketoaldehydes, reflected in Vmax values which are insensitive to the nature of the alpha-ketoaldehyde drops abruptly if the side chain of the alpha-ketoaldehyde is sterically crowded. The hemimercaptal of tert-butylglyoxal has a Vmax 300-fold smaller than Vmax for methylglyoxal; 2,4,6-trimethylphenylglyoxal is essentially inactive as a substrate even though the closely related compound 2,4-dimethylphenylglyoxal is a normal substrate. Analysis of the Vmax and Km (or Ki) values of these alpha-ketoaldehydes suggests that sterically crowded side chains affect both enzyme-substrate formation and the catalytic reaction.